(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




,.9, wo rt d Mjipmro^ gjjjj^ IHUHMHUI I III III IIILII 

(43) Internationa] Publication Date i>r<T ^® I nternat ional Publication Number 

10 January 2008 (10.01.2008) WO 2008/004260 A2 



(51) Internationa] Patent Classification: 

C12N 5/00 (2006.01) A61L 24/04 (2006.01) 

A61F 2/02 (2006.01) A61L 24/10 (2006.01) 

C12NS/06 (2006.01) 

(21) International Application Number: 

PCT/IT2007/000382 

(22) International Filing Date: 31 May 2007 (31.05.2007) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

RM2006 A000289 3 1 May 2006 (3 1 .05.2006) IT 

(71) Applicant (for all designated States except US): BIORI- 
GEN s.r.1 [IT/IT]; Via al Santuario N.S. della Guardia 22, 
1-16162 Genova (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CANCEDDA, 
Ranieri [IT/IT]; Via Nizza, 11/20, sc. A, 1-16145 GEN- 
OVA (IT). MASTROGIACOMO, Maddalena [IT/IT]; 
Via Sturla 2/2, 1-16132 Genova (IT). SCALA, Marco 
I IT/IT]; Via Salgari 69/27, 1-16162 Genova (IT). 

(74) Agents: CAPASSO, Olga et al.; De Simone & Partners 
S.p.A., Via Vincenzo Bellini, 20, 1-00198 ROMA (IT). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, 
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, 
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, 
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, 
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, 
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, 
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, 
ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARJPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL, 
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Declaration under Rule 4.17: 

— as to the applicant 's entitlement to claim the priority of the 
earlier application (Rule 4A7(iii)) 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at tlie begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: BIO-MEMBRANE FOR TISSUE REGENERATION 



(57) Abstract: A bio-membrane with angiogenic activity for implant in 'tissue regeneration and repair, including bone reconstruc- 
tion and the repair of skin and soft tissue lesions is described, essentially constituted by a gel able to provide support and growth and/or 
differentiation and/or angiogenic factors for the full in vivo functionality of the cell, containing also mesenchymal stem/precursor 
cells, an implant device for reconstructive surgery of bone tissue, of skin and soft tissue lesions which comprises the bio-membrane, 
and a method for its obtainment. Use of the gel alone for tissue regeneration and of adhesive plasters that comprise it is also de- 
scribed. 
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BIO-MEMBRANE FOR; TISSUE REGENERATION 

TECHNICAL FIELD OF THE INVENTION. 
The present invention relates to an engineered tissue bio-m^ 
5 tissue regeneration and repair as bonereconstructiqiVre^ 

soft tissues, e.g. chronic ulcers, difficult wounds, bedsores'/chinks, tendon lacerations, soft- 
tissue substance loss, and methods for the production thereof.. 

BACKGROUND ART 

10 In clinical practice and in surgery,, it is ever more needed' to identify" a valid systehi to v 
repair large tissue lesions associated with substance losses. 

In orthopedics and, maxillofacial surgdry, • in ' the past^feW 'ye^rs'^a 1 bio-teclin'oldgical : 
approach has been proposed which suggests the! ^ 

association with ceramic scaffolds, appropriately designe/i;.w^ the -lesion to-. 

15 repair large substance losses (Quarto et al., 2001). The results pr^serited hi the JiteratUrt, . 
which are certainly valid, can nonetheless be farther improved:': PrejeJinScal studies, arid a-\ 
pilot. Clinical study have highlighted that the lack , of .y$scii^^ 

implant itself can lead to cell death (apoptosis)/ nullifying j^al^ffect of -f'bpiie ^aai^iv" ;■ 
stromal cells", BMSC. 

20 In a recent trial in sheep* (Mastrogiacomo et al., 2006)- a; re^aljsorb^ble ceramic scaffold-; 
was used, and it was observed that, starting frpm. periostieuxn; re^i^ues, a hone «fp^ati9n, _ 
process can be triggered, able to fully repair the lesion, ;Tha'^ 

tissue and the filling of the ceramic- pores are accompanied Jby/a^re-absorptton:* of/the 
ceramic and by the simultaneous* vascularization of the 'implant! ^nftirtunateiy, the usp.df* ' 

25 the patient's periosteum is only rarely applicable in recpnstrac^iyelkfgery. 

.With regard to repair/regeneration of .other tissues, ' th* .use ; of. tecfoiques ,Iike . surgical t , 
debridement or transplants of vascularized tissue to repair skiA 'tesions. duetto-, burns,, 
difficult or post-operation wounds, chronic ulcers, .are; only: one' of the few possible- 
applications (Warnke, 2004). Considering the regulatory rple in. tissue repair that is played ■ 

30 by platelets and macrophages, recently the use of local applications of platelet gej has been . 
proposed to repair skin lesions of various kinds (Scal'a, 2000). 
DESCRIPTION OF THE INVENTION 
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The authors .have now devised a .bio-membrane .that Solve?- the /problems of the- prior art . 
and that is- able to induce invivo, in animals- and in 'hiirrfans^-the production 'of .neo^issifep 
Said neo-tissue can be bone, when the bio-membrane is ■: implanted, as envelope' of- 'a/, 
scaffold, such as reabsorbable porous ceramic scaffolds for the repair of large size; bone 
5 deficits. The neo-tissue can also be a soft tis.sue as ' in x the .'repair of skin lesions by .dir,ect-v 
contact. " . : , /• ' 4 *■, V ' ■ r^J* 1 - 

Therefore, an object of the present invention is a bio-membfan'e Essentially cohstitute&ty 
mesenchymal stem cells and/or mesenchymal pfeclifsdr' ceils and; gel able -to'prbyidS 
support and growth factors and/or differentiation fa'ctors.^nd/.o/ angiogenic factors' for J;he , : 
10 full in vivo functionality of the' cells, in which said .merftochj^jaF 

above said gel. • •/ • ''^ -i' 1 ■ ' : : 

Preferably, the mesenchymal' stem cells- and/or! -.mes^ 
dermogenic cells. - 



Alternatively, the mesenchymal stem cells ,' and/or ■ mesenchymal.. .(precursor ' cells rare ' 
15 chondrogenic cells. , ". .;■!-, '..V; j /; ■' 

. Alternatively, the mesenchymal- stem cells and/or = mesenchymal .^.precursor . cells 1 ' .are '. 
'osteogenic cells. ; ' : V-.;%' 1 ;^-'V : - *\ j : 'i ' := '» ^ 

In a preferred embodiment, the cells are obtained from- Huriia-^ 

Alternatively, the cells are obtained from periosteum.- ■'.•! -J' ' -' l: yj^ H »*:*'•>' y: ^• > - " 
20 In a preferred embodiment, the bio-membrane, is jprq-tri^ated ; i^xultiirefvvifli oklebgehrc;r 
factors. : •. '« ;\ •'' s '' '^'-'V" " : v' 

Preferably, the cells are autologous. Alternatively, the cfellslate' allo^qnrCi' : . . ' i V 

In a preferred form, the -gel is a platelet gel. Alternatively; th^ 
by reabsorbable synthetic, natural or recombinant polymers,, supplemented with, g 
25 and/or differentiation and/or angiogenic factors (recombinant or 'de'rived from tjlood) for : 
the full functionality of the cells tasked with regenerating bone tissue gnd-skift lesions. t . : 
In an embodiment, the bio-membrane further comprises micf6 .and/^br hainop^rticles fcblf to . 
release growth and/or differentiation and/or angiogenic, factors." Said factors- may- ; derivp.\ 
from a platelet lysate or be synthetic, or natural, or spfedifit/iiecolnb'inWt ; products,. siicli' as 
30 VEGF and PDGF. * . t \\^\'[{':i ' • .; \ ; 

The bio-membrane of the invention is advantageously usable' if partially dpHydrafedl bjsfo^e 
its application. 
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Another object of the invention is an implant device-..^ surgery/pf torie 1 . 

tissue, essentially constituted by : a* porous suppo'rt- (scaffold)' afrid : ; by the bio-membrane' 
according to the invention, in which the bio-membrane .envelops;, the support 'and it is. 
preferably pre-treated in culture with osteogenic factorsyfor ;a:variab![e lime period, ^ 
5 1-2 weeks. In an embodiment, the micro and/or .nano^article$.<wth gradual rel^ase;-o!f ' 
growth factors can be associated to the porous support. ■ / : >1. •'■'{.. ' .■ ' \\ 7-.V'.i 
In a preferred embodiment, the implant device for ^'recQQStiTic^ve^ucgery oTbtine tissiid , 
according to the invention comprises an additional .gel meiTibrarie;';with giwth'ahd/br 
differentiation and/or angiogenic factors, in which-; said ; additional ger'nlembrane'/is ' 

10 . enveloped just before implanting. P : referably,'said addition^l-^embraiji is a platelet' gel:*.';-,-! ; " 
Another object of the invention is .the use of a' platelet, gel' foi: the preparation; of W 
medication for the repair of skin' and soft tissue lesions/, preferably comprising .chronic .■ 
ulcers, difficult wounds, bedsores, chinks, tendon lac^ratiohsf, soft-iissue 'substance loss:! 1 '*.;. ' 
For the repair of skin lesions, the invention proposes. an a^li^iye ;pig§ter .that includes; only ; 

15 platelet gel. The adhesive plaster is constituted by' three essehfrai' Elements: thd pad/fef 
support and thejidhesive. The pad can be constituted, by. cotton mixed • with . acrylic ;Syith ' 
high absorption capacity or by* a. material with similar cbaracteristics'^nd covered by a thin?-' 
film of polyester or by a material with similar ch^9teristicis,Jqddediwith platelet" gel rich 
in active biological factors which, in contact with th^woluid^acce'lerates healing.;' . : 

20 A further object of the invention is an adhesive plastfei'.fpr the' repair of skin and soft tissuie v : 
lesions comprising a platelet gel' as a therapeutically active. Isubstan<!ei'^ : ' . ' [ k \ \ •'■V-V* 
Alternatively, the adhesive plaster for the repair of slcin arid soft tissue lesions comprises; as 
a '.therapeutically active substance a gel constituted /essentially by reabsorbable'synthetic, 
natural or recombinant polymers supplemented with growth ,and/or .differentiation and/br 

25 angiogenic factors. . ... r , ■■■ : 1 », .:. :>•<.. .'V " "- ; , • * - ' 

...» • ' ■•' * - ; »..:',' : - ' f .' 1 • ; ■ ■ 

Alternatively, the adhesive plaster for the repair of skin'and soft tis^^bsioifi'rofnpnlse^'^s : 
a therapeutically active substance micro and/or nahpparticles.tible,^ and/pr-. 
differentiation and/or angiogenic factors. : '. ' . • 

A further object of the invention is a method for, obtaining a^bio-niembrane according to ■ 
30 the invention, essentially comprising the following-.steps'i ./ '. ' ' ! ."» * * \ 

a) obtaining a platelet gel from mixing a platelet coric6ntrate/and a crybprecipitate obtained * 
from peripheral blood, in appropriate conditions; , : 
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b) obtaining and cultivating said gel or within said , -gei ■•mfesenctfymal' stem -cells arid/pr. 
mesenchymal precursor, cells, from bone. marrow (BMSC*^ or frorh' other »; 

tissue. ' \ \ 'vV« -'ji;- ; .V- ■ " : V'- V . 

Preferably, the mesenchymal stem* cells .ahd/or cells ''.'are 1 • 
5 autologous or allogenic with respect to* the subject to be impfehted...^;'-, 5 . v , ; : V V\ : \ 
• The present invention will, now-b.e described .in .its, npn' limiting Examples, referring- to ^ 
following figures: , , : : -'V:* *• ■: rJ" * ^ /•'V'- 1 >'- : . : V" ». '"' 

- Figure 1. Histogram of the cell proliferation. of himian'BMS^ 

Lysate (PL) (5%, 10%, 20%) , FBS 10% or FGF-2 1„ rig/mili .ProHferatron was evaluate4/tiy v 
10 cell count of wells plated at low* cell, density (LSD, 

density (HSD, high seeding density). , . ■ t t .'J V V;V \ , ,> v • ■'. ' : :•. 

- Figure 2. Bone tissue formation. A film of platelef'ger'ass^oiatedlwith sheep BMSC^was'.; 
wrapped around a cube of hydroxyapatite (HA, .; lO'O^j/p'toe^ HA >V 60-70 mm 3 ); ; and : 
implanted subcutaneously in immunodeficient mice fqr .4^arid/S/;Vvteeks: the cells ■y/hre^' 

15 bridled within the matrix of the* gel (IN) (panel's a 'and, ej or iayered.'oh the surfacb. of tiie . 
gel (ON) (panels b and d). Bone tissue formation is. highlighted By th , ethemat6xyljn^e6sih. ,, 
; staining indicated by the'arrows. ■ ... . ' ';' ^.^V . 5 p| ; "'i*; 

- Figure 3.- Bone tissue formation.- A film of platelet geL akme (a) or associated ; witlr sheep ' 
BMSC IN .(b) or ON (c) was' wrapped around skelite 1 ®'. (TCP-liA;:- 2000.-.2500 mm 3 ):: 

20 scaffolds and implanted in immunodeficient. mice \for ( 8 weeks;' -Bone tissue formation is 
highlighted by the hematoxylin-epsin staining indicated by tyie air'ows-; .* : : * "\ y/^ V- 

- Figure. 4. Bone tissue formation. A film of platelet. gel' with .sheep BMSC on cubic" 
scaffolds (100% pure -64mm 3 ). The BMSCs were layeredoph lite -«^&£e'dftthb plateietjg^l^ 
and stimulated with osteogenic, medium for* two- weeks. Hepiatb^ylin-eosin 'Staining *. 

25 highlights bone tissue formation in the ceramic pores, as. indicated by the arrbv/S; s ' ' v! ' - . 

■ y v : V . U\i?r-\ . 

Figure 5. Dehydration of the bio-membrane. The bip-membrane; ( is dehydrated by. means of / 

.. » . ..,•».. .,\ i \ . ■ . ■ . • • jj 
sterile absorbent paper (a) assuming a consistency /aijd /elasticity - : 'that. enable easily: vt'o 

transpose it into the implant site (b-c). Cell* vitality .tests -.dembnstiiate that the vitality of the . 

cells included in the bio-membrane after dehydration .(e) " ( iis ' equa{ to that of the. -non 

* j . i • '* ; ' ' ' / ' . ■ * " i 
30 dehydrated control • ■. ! *'\ . ' ' .- ; ' ' ! 

, . I ■" . : . * 5- ■ /■ 
-Figure 6. Repair of a skin lesion in a horse. A bib-mqmbrane constituted, by .autologous „ 

horse platelet gel and hyaluronic acid patch was layered on the lesion;, ; i [ '' ;? • • 
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Cell Cultures . . . - '": ' f. ; : < v v . . '■ ; : ; i\, : 

Bone Marrow Stromal Cells (BMSC) were isolated " fironi : htlriianVof /sheqp bon^ rijaiypw. ; 
The samples, after authorization by the patierit qr by,vthe ethical 'board in the . case of tries' 
on animals, wiredrawn from the iliac crest (10 ml) v . ?vV - : - 
5 In some experiments, cells were derived directly 'from hiim^n : or. sheep- periosteuiri biopsies* 
by successive digestions with 0.25% of Collagenase according id standard protocols,/. ■ ... : 
The bone marrow was washed in. PBS and the nucleate 6ell : cotiht .jifer « : itiI o£ sample* ti£s\ 
performed. Part of the sample was plated' at very low density (100 nti/piate) ; to eVaMate feb 
number of CFU in F12 medium supplemented with 2mMs l glu,tamin^' lOO tJ/mi penicillin' " 

10 and 100 ^ig/ml streptomycin, 1 ' ng/ml FGF-2 "and ! l6% »of "bovine, fetal seriim. fhe v 
remaining part of the marrow aspirate was destined tattle expansion of the cells iih .cuittiire 
in standard culture medium. When the ceils reached the >.firkt p&nk\i$nct/thzy[v/h& { 
trypsinized and plated on Petri dishes or oh platelet: ]^;Jn'tifc f |sOr^ (method balled; IN), ■* 
or associated to the platelet gel during its 1 polymerization 

1 5 concentration of the plated cells in the IN or ON gel 'ydrifes' frpm^lx'IO, 6 . to 6xl0 6 . cells, per. ' 
cm 2 of surface area. ' ' ; \ 7 .. : : * : " ■. '•. ' 

Preparation of Human Platelet :Gel ■ ' • - [ \^'%'r t < ■ - '■' *<: 1 .! 

The human platelet gel was obtained from blood components 1 preparpd .by the f rahsftisiori '} 
Center of the San Martiho Hospital in Genoa. From "the : withdrawal Of peripheral blood of 

20 " the human or sheep donor, the following are- obtained:; \ ! \ i' I' ' ' ; / : 
a) a cryoprecipitate containing coagulation factors and iiiimunogl6b,Ulins; : ' . . '-! . r '- T 
. b) a platelet concentrate (CP) containing platelets; 1 ■. ^i/ /,/ 

c) autologous thrombin that intervenes in the polymeri.zati'on process of fibrin. . 5 ' - : 'V 
The preparation of the individual components proceeds as •follows:/^ : - . *' : . : - 

25 The blood is centrifuged for 7 minutes at 20°C atTyOOg/min 'ancj allows the separation of a. 
platelet rich plasma called PRP. • . : ' ; "-' J : ( •;• 

The PRP is centrifuged at 4400g/min for 5 minutes at^C-al^ separation of the' 
platelet poor plasma called PPP .and platelet concentrate (CP). The 1 CP is frozen and' 
thawed to ambient temperature at the time of use. . ■■ '. \: \ t ! { « ./' . . 

30 The PPP is frozen at -40°C and thawed at 4.?-C throughout :the* night ijV satellite 1 sack -.When ' 
thawing is complete, the cryoprecipitate is obtained by siphoning. .;. <j ; ' « : ' ' : '. 
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The CP and the cryoprecipitate were mixed i m plate . LI; rkkj.''l; ml' of autologous ;i 
thrombin and 1 ml of 10% calcium gluconate on a , total yo^um^,ofi;b;ml were' added to ■ 
initiate the gel polymerization process. ,<• '' J -/ r j'; ;i 'i ; ; ; .'• ••• 

to assess the effect of the. platelet gel on humaiv eMSSe;;!^, cell^were i g^^fojtjfci ,.' 

5 presence of culture medium complete with supplements' ahCwitli different cqnceritratio'ns ^ 
of Platelet Lysate (LP) (5%, 10% and 20%), obtained frp : m the. 'OP*; >as" described below. -.; 
The cells were plated in wells at high density (1 0,6b6igll^/^ell) Jncl 'at; Iowyc'onceptrario^,- ; ;. 
P 000 cells/well) in .the presence- or absence of LP. Cell plroiiferatioirwas evaluated; in;,the •. 
different conditions, by cell count when the culture' had reached semieontluence^ 1 p days^; , 

10 .For the preparation of the Platelet'Lysate, the protocol .diesdr|bed jby^buCet C ef al.'.'pOOS) •/ 
was followed. The LP is obtained' after subjectmg th^. G^;to 3 ^e^ng/fhawiAg; cycles rtp..^ 
promote complete platelet lysis, and total release of all]. growth; facers contained. ttiereftj ? 
(PDGF-bb, PDGF-aa, EGF,- IGF etc' .,) and in the presence- of Jqw ED.TA; concentration. ' 
The LP was added to the culture at different concentrations. •• ' " ' ; • • , ' ■ 



] 5 Preparation of Platelet Gel from an Animal (Horse) ;. •.' 
, The day before the intervention; two unit's of 450 ml of blqodare dr'awh from the •hprse^by ? 
means of a standard triple bag for the withdrawal of human blood Containing ACD.((citrfc ' 
acid + sodium -citrate + dextrose)'as an anticoagulant (Fres.etiius iHembCare. CODE T2375). 
The bags were eentrifuged in an ALC PM980R centrifrige iBlCase;, Italy) for ,8 minutes at v 

20 500 x g ; the blood is then 'separated, into red cells] fmd\-Pjlatel^'Ricfe Plasma (PR?), 
partially entering into the Buffy-Coat®: . • .. " •• ; 'i'fK'.*. 

The PRP must be re-centrifuged'. at 5,000 x g 'foi .7 (mi^t^". ^Q^bb^aift' the . ^latfelet : 
Concentrate (CP) that must be re-suspended in '• about^D.! n£':i ftf. aufolp^us -plasma , 
adjusting platelet count between 0.5 and.3xl0 6 microliter.. ( .-' .[/ '.[■■ '• V . :•'■' ' 

25 The bag containing the CP is placed in an agitator .thermostated at;^ 22° until th.e time of i 



use. 



The day of the intervention, the CP is drawn under .sterile, hood from the tags, with, 
syringes labeled with .the identifying data of the horse,' 1 :' 1 l . ' ,{ ! - ; . ; : .> 

The CP is ready to be injected into the site of the le sion to bp repaired ■;' ' ' ; / / -\ 
30 If the product is to be used in the form of semi-solid gel- .at' the tinqe -of .use sbmf sterile 
plastic Petri dishes of about 10 cm diameter are preyed', adding 10 mL' of platelet 
concentrate, 1 mL of Calcium Gluconate (ind. Farmaceuti'ca" .Senese, Italy, .Lot. N6'. 
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After 
of the 



a few minutes, the transformation occurs from 'fibrMSgen, to fibi'in VitH/Wifftoii^i^ 
Platelet Concentrate which can be-appUed-topicall^-ta'iflrgis? Surfaces. ' ' / s • *** k • 
In case of tendon lesions,, the product wiir'be;injecte^ $he'site>bf ;tHfe . 

lesion, under echographies guidance. ' ; ' « .. • ' v . 1 :.' 

Bone Tissue Formation m frYvo • ? , •' uV"- 1 .^': V-T- ^'- ri *V"*"" '"s-- «* : v ^'-^ 
To evaluate bone tissue, formation w vivo, a. sraWi7a^ 

immunodeficient mouse (Nu/Ntf. strain ; or SCID- strain)., } (Mmb^ scaffolds ^^diffefent • 
sizes and breakdown (Engipore®/.i00 %.HA, Fincer^io^ f afeSr^^Itaiy'^d' S^hto^^l 
TCP70/HA30, Millenium Biologix) were implanted ? subcutaiiebusly- into the. back,' of 
immunodeficient mice after enveloping them ' 'with a'bi($^ $? ll ^<T 
human or sheep BMSC. ' \- : ' '■ -"j.- "'v'V- '■< ^Kri!, ' : ?V 'V/.- :•-?''! 

The BMSC were layered on the gel fpN) or included in^ : the; g^l; ^©f)\diifectly;;dul^n^ . f fie^ ^ 
polymerization phase. The bio-membrane of platele^g^ ON metHod*o,r 

with the IN method) was kept in complete medium but vvitllbut ; F,0F^«/6r 1'^rdays; : befof^ 1 
being enveloped around cubic scaffolds (60-70 mm 3 )' o^HA' ] ^^(EhgiPpre®); In some *, 
experiments, a few minutes before "the implant, the 'smiijpid: WageVilQp^ -by: an-aditfq^ 
membrane, of fresh platelet gel without cells, to assure a g^t^^pplyitof growth factbrsi;', 
In each animal, 4 scaffolds were implanted iripludirig a' fcpritrd 

BMSC were loaded directly into the, scaffold using fibrin : ;glue : (f issiicol®^ 'Baxter) as! an" 

adjuvant of the adhesion of the cells .to the cferamic. ' : \ \ '-y' t *^ ; ''^ > ' i ./ : y ' . ■ ; *; . V\.' 

In a second series of experiments, larger size .(hollow . =cy linclers . of 2000-2500 mm 3 ). 

reabsorbabie ceramic scaffolds; made of; skelite.® ^ 

Biologix, Ontario, Canada) were used. In this, case^ 'a si'^ 

animal. • /:\'/^'^-: ■ v"-' : : : ' 1 . \ ■: i 

In some experiments, the platelet gel conjugated tp^RMSC-Was. 1 partially dehydrated by ■ . 

superposing absorbent, sterile filter paper; thereby' .forming' a more consistent- antf'more - 

easily handled bio-membrane. In' the partially dehydr'dt^ 

normally, maintaining their osteogenic potential .after implant in the ariirqal. ''•} ' v : !; ,* 

In some experiments, the platelet gel conjugated : to human or sheep-BMSC was pre-treated 
//? v/7ra with osteogenic medium. 24 hours after p^eparatibn/ th^ platelet gel membranes 
were transferred in culture meclium supplemented witla' factors : \mducing osteogenic - 
differentiation: 10' 8 M dexamethasone, 10 mM b-glyperolrphasphate (3GP), and 50 mg/ml ; 
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enveloped around HA cubes, re-enveloped, by ■ fi^Ji/^^telet^ g^l "y<vithdi|t-. BMSCJ " "ahd-"'! 
implanted subcutaneously in ID mice. ■• ! * s . , \ \ . " 



7/2 v/vo implants were retrieved' after 4 and/qr 8 # w6qks. .an(J' : subaWed tb f hiVtpib.git^l ; 
analysis: the . samples were decalcified « and- enclosed*' 

Hematoxylin-Eosin stained according to standard prbteduiVs* y. ,: J. ' : \ ' ■ ; 1 ■ 

Skin Lesion Repair fHorseV \- ' ■ ' . y - : ;j> ■ s ^^- : ^ ' : - ^ i 

The bio-membrane, constituted by platelet gel prepared as^ndieated'a6oye 5 .was J layered; biv 
the lesion and covered by a patch of hyalurohic'^ 

Abano Terrrie, Italy) or by other material with coverage such.'as: OpSife". 
Flexigrid (Smith and Nephew)., To the biologicaHmpja^^ 

compressive traditional medication with gauze ancj- b.andages!i l epHc^d after; 1-4 days*.'. The-' 
follow up was conducted by clinical monitoring: of thb patient *d%&suriIig^tfe■su"rfa1cte , •- 
. area of the. remaining lesion at regular time intervals after- the start : q£ tjie* tteatmbnt ; ; ' • , ; s !.. ;r . 

results . • ■ * • ; Xsf\ J ^.^ :i : f:V- yy>;</; 

15, Proliferation /'. '■ ' ' \ *■.. •* '/V- 1 '.>' '•// : ; ;V';':/.r 

In the first phase of the work, the effect of the platelet, gel'on h'u^^ ; §MSO^vas assessledj : 
growing the cells in the presence of culture medium 'fupjta seiruiii :6dtyJ?G^2 i: 

qriiy or with 3 different concentrations of LP. Thecelis\\tefe;p^^^ 
. density. The .chart shown in. Fig.il shows that, the cells^gro^ density iri.the 

.20 presence of 5% LP proliferate significantly more tM^^ Cells'- 
grown in the -presence of FGF-2- alsb exhibit less, proliferation than^Kose- treated with LP. ■'• 
High BMSC proliferation is observed in medium supplemented 1 Witlpf -5^- 1: 0 .or. 20% LRTh^ ' 
addition of LP determines a significant . increase. riif '^cqIjLfe^t}Onr^ftf\f. i^bs^ect: -io' s ..'the 



I: h 



conditions with serum only or FGF-2. V/hile tjie dctiVity^pbHk ;|a'bbtaihedi^with "i©?^, :J|H""i- 
25 subsequent m v/fro experiments the LP concentration used; wa's 5%' -because' it is equally 
efficient ; ' V\\ '\''\) ■ : * ■ *' V- * V ! / : " 

In Vivo Differentiation ■ • ' , , ' ; ■'-'!;.► j , ;;; : » r! >^*^£\[* t \i^ '...'' r .Jv'.v 

Human or sheep BMSC were loaded at the surface of tKe^ : 
the gel mesh (IN method) forming a veritable compact film; '-. called .bfo-memhrane, .which . 
30 was used to envelop a small or large ceramic scaffolcL;' /■} .■ • :>:'.•* • • " ' 
In Fig. 2, platelet gel bio-membranes prepared witli-B^G.bpth wfthf/th^IN methdd'ahS 
with the ON method were enveloped around cubes of 106%' HA; and' implanted for 4 aM '8 
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decalcified samples, paraffin-enclosed samples r it V^as'.poS^ij&le." td- "^bsdtve that th^'^Us^ 
both enmeshed in the gel (IN, a,c) and kept on the svirfejot' tHb.'^ei^ON, b;d) are,al# ; tb!' 
differentiate into osteoblasts and to deposit osteogenic : matrix- in$6. the ceraihic* pores 
- already during the first four weeks of implant. A significant' line :9lo.^blafift.4^ , fe)ike : 1 
of the- newly laid bone indicates an intense bone matrix. 1 laying activity'. After 8 weeks -of.' 
implant, a greater quantity of bone fills the pores of the; ceramic! Mp 'significant difference: 
was observed in the formation of bone" tissue \ both 7^ 

m'embranes with layered cells in the surface (IN.meth^d^andtm 'thQS^witli bidrttembfahes ■ 
with cells enmeshed in the fibrin mesh (dN* method). • r^X-vi A *\'\' t V ! .0' y'L ■ ' 

Though the model of the ID mice .is one of the fndst accredited, iH vivdSmodtis to iest thfe ' 

, , . ■ ! ■ ■ ^ -J\^^r ^' ■' ;: . ; -./: : ■7- .v. 

osteogenicity of cells and biomaterials, the. authors, deemed it ; appropriate to repe^t'the-.' 

experiment under test conditions that would more clos'dy-ap^oach^thg *^al* doiiditioriftto^ 

• * ^ i . • y * ** /'* j * j .*'■.!».• * , « 

be found in clinical- practice. ' ; ' . ; - / ; ■!--'.;.'- :s '-".V. § J" . V--w '7 

• :■ . ! V , .. s -i../-; ■•' ;V. : ■ ■ " '■ -r-V; 
For this purpose, a porous, reabsorbable ceramic. scaffold wias Us^d ^^'(^astTO.giacdmb : et:al:^- 

2006), with a greater presence of ' Tricalcium phti's^ 

hydroxyapatite ' (TCP 70%, HA 30%); Hollow ' cylinders .; of 4«^t 2^000 '^te 
enveloped with platelet gel bio-membranes, -alone ^ 

; method or with the ON method" and implanted. in IQ-mi^ Panel. a) in JFig. ^3. : 

shows no bone tissue formation in samples enveloped b ! y;pi£it$lef Vgist withbijit'icelLs. .Onjfy ! 
fibrous tissue together with fatty tissue populates tliejpores :df;the cfei^mic. -Ho^Vel, sQme ' 
vascularization can be observed', confirming the impdrtaM role'p^ 

the vascularization of the lesion site (RheeJS, -20(64)". s -•Whfeii " ttife ^ctfdfoid is wapped^by-i 

film of platelet gel associated with cells obtained; yrith thfe : lN'CiAej:h(?<i or With the ON. ; 

method (Fig. 3 b-c), bone tissue- is observed ini the 'p6reS'< of. ! the!; ceramic- Abundant'. 

osteoblasts are distributed at the surface, of the laid bone! 'Upoh mteroscopic oblseWatioriof » 

.: ' ■ • - ,; v> - ' , 71 :. l '7 ; 

the ample colored section, it is possible to note a 'distribution* of; newly formed bbrie tissue * 

that goes from the periphery to the center of the Scafi^Id^/VO'r^"! ■•^•'7 ' • V .< 

In the attempt to generate a biormembrane with tliq highest, osteogenic and angiogenic* 

potential starting from a bio-membrane of platelet gel. and, BMS'C (humai) or-s^ep) 

obtained both with IN method and with ON' method^ f tlip bipT'membraiies.were pre-treaterf/ 

in vitro for a period of 2 weeks with osteoinductive culture nie'dixun (see methods)/, to* 

promote an initial laying of matrix prior to the transferror 
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v/vo implant, the samples (Fig. 4) exhi b fted /go iod bone' tissue ^di^^oh^distrib^tMi/ ^"tn 5 ;! 
the periphery to the center of the samples: • . . : c\. \: V'' 1 
The prolonged maintenance of BMSC in* platefet .gel ! ^ 

potential. However, the bio-membranes.can be pre-treated .with osteoinductive medium'.for" 
5 a period of two weeks, assuring the maintenance of th'e : full : qste'bg0p : ,{ * ; " 

In Fig.5 we show the dehydration of the^- bip-Mehil}riB^e' 7 by % o^^bx^s ..of; "k : 'bbritin^us ^ 
superposition of disks of sterile absorbent p&per that ^ the soluble ;jj$*r. 

of the membrane and water. This 'procedure, generate^ 

easier to handle during the surgical procedure" without 'altenngUheV vitality of tile cells'. 
10 included therein. 1 • ' "■ 'V V l ;:[ " *' ■""•«» 1 *) 

With respect to the repair of skin, lesion, an exampie^qfti^ 
• is reported (Fig. 6). In all treated animals,/ it was' suffici^^^ 
trigger the regenerative process (Fig. 6a-b). The figure ^ 

lesion at 15 days from the treatment (Fig.. 6. c) mirestiiutfo ad iniegnpn after thirty; days' " ; 
1 5 ■ (Fig. 6d) when the horse resume its sports-competition activity. 

BIBLIOGRAPHY 

1) Quarto et ah, N. Engl. J ( Med., 2001, 344 (5);385-86,V : - - 

2) Mastrogiacomo et al., , Tissue Eng. 2006, 12(5): 1*26 1-73. 
■20 3) Rhee et al., Thromb Haemost. 2004, 92(2):3 94-402'. V;.' > 

4) Scala M et al., Proc. Aril Acad- Maxillofacial s':Prbsi^;\Iptfei!nktipnd-,;C6n^Ss i % ,, . s 
Maxillofacial Prosthetics in the 21 sl Century, JCaiiai*"-;BaW^ 

5) Wavnlce PH et al., Lancet 2004, 364: 766-70.! ' 



WO 2008/004260 



11 



PCT/IT2007/000382 



.CLAIMS 

1. A bio-membrane • essentially constituted. K/^cSiij^y]^;-*'^m ./Qelts/j.aridjfpr; 1 
mesenchymal precursor, cells and by a gel able to-r^M^\9VP^tiiBnd growtWifactOrs . 
and/or differentiation factors and/or angiogeniciactdr's' for /the 9 f$'.f£yw6 functionality '.of ; 
the ceils, in which said mesenchymal ceils grow within of abpybCsaid^et" : • ; ' 

2. The bio-membrane as claimed in claim \l wherein a tOieiW^aeOjifa^rik'i; 3te^-V^?';&nd/or-; 
mesenchymal precursor cells are dermogenic cells. " ^'[rif 1 " " { ; • ' '. \.' i" 

3. The bid-membrane as claimed in claim 1-, .wherein* the. mesenchymal, stem ; c 
mesenchymal precursor cells are chondrogenic cells. '! *' c \\ V : 'c 6 A"'-'* ' * ! : :: ; ~ 

4. The bio-membrane as claimed in claim 1, wherein 'tlie j^esenc^ymal stem cells .? arid/or ■'■ 
mesenchymal precursor cells are osteogenic cells. 

5. The bio-membrane as claimed in claims 1 through^ 
bone .marrow. '•' • •[ ';, • 

6. The bio-rmembrane as t claimed in claim 4, whereiri .the ; c,dlsiai^ 
-periosteum.. ' '!■: ' " :; ■ 'Jr ^ \ tl / ■ V' . «* : \ 

7. The bio-membrane as claimed- in claim 4 5 whereia' the- bio-mem^ 

culture medium with osteogenic' factors. / \ i - : \i t '"v il''?*.-. 

8. The bio-membrane as claimed in one of the previous : : glijroi^herein^the- cejls ;are " 
autologous. . : : * . - r v. '' ' "•■ 

9. The bio-membrane as claimed . jn one of the claimslfrom/l through' 7 . wherein- ttie/cells. 
are allogeneic. * ; • • • ... /' : ;( z \d^'[ \ ;.v^- 5 ' ' . ^ *• 

,10. The bio-membrane as" claimed in bhe :of the' preyicius' cjkim 
plateletgel. '* '\\ 4 : \; W.> ; ' ' '*'. V 1 '*!:" 

11. The bio-membrane as- claimed in one of the cl&irhs: : I WoiigL'9.wherein , thef: ; gSl'- iV 
essentially constituted by reabsorbable synthetic, : ',nafiiral pi; J recpmbin^rit 1, polymers., 
supplemented with growth and/or differentiation ar^ 

functionality of the cells. ; ■ . • \. V' ' \ ' \ ■ \ ■•: ** »| '■ 

12. The bio-membrane as claimed in one of the :: preyiQUs cliaims/ fui : thei\comprising mic^rp 

and/or nanoparticles able to release growth factors and/or differentiation jfactqrs; and/or 

angiogenic factors, . : 1 . ■ j- ' 

.i" . • - i . - • 

13. The bio-membrane as claimed in one of the previous claims/beiiig-partially dehydrate^! 
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14. An implant device for reconsttuctive.-sijrgery of bone tissue^ essentially coiiS^^J^y^c 
porous scaffold and. by the bio-membrane as claimed in ■ elaim/A 11 dr . 6/ wherein the bio-.' v 
membrane envelops the support. . ' ; . . - |V- A \) -!v 

15. The implant device for reconstructive surgery : ti:f-b^ 

wherein the biormembrane is pre-treated in culture m^diiiiB.with oste'qgenic faqtttrs;. t j\; . 

16. The implant device:for reconstructive surgeryof'^ in el.aii#14 or, * 
15, further comprising an additional gel membrane 
and/or angiogenic factors, wherein said additip^ 

before implanting. • : i : m : ! \1 ' : ''''//■■'■'Uv ;? : 

17. The implant device for reconstructive surgety. o>f;borie^ 

wherein said additional g?l membrane is'a.pjatetetgelv; \ ;ivV,», ■^T^V*/ ' : \ 'y : V.vy* j 

1 8. Use of a platelet gel for the preparation, of a dedication; for)regairing slcin dpd "jsbft'V/ 
tissue- lesions; '•• '* k, ; ; i'w'^r'. ' f '.i 5 '!- .» 1 . 

19. Use of a platelet gel as claimed in claim 18', wherein ; :the f repairof .sldn^n^' .soft. tissue, 
15 • lesions comprises chronic .ulcers, difficult wounds, bedsbres,- chinlcs/ tendon lacerations,- - : 

soft tissue substance loss. . * »■/■ ^ : . , -jp*. \ *., • 

" 20. An adhesive plaster for the repair' of 'skin and'/softtissiie lesion-s- : feom^ 
gel as claimed in claim 18 or 19 as. a therapeutically ^acttye/sulisWQp^-. : ; * 

21. An adhesive plaster lor the repair of skin arid ^6ffVtj⊂ lesions comprising 1 ?: aS! ja ; , 
20 therapeutically active, substance a gel constituted e?sential;l,y by^reabgprbable is^htfeetic., , 

natural or recombinant polymers supplemented with gto;^ 
angiogenic factors. . .. •. • ■ . ' ' .(;., f )V'^;.- r. 1 ^.'" 1 -.. 

22. An adhesive plaster for .the repair of skin and " Sq^ ! ; tijssufe,;4^sipnS c^rppri5irlg v aCs'."a-;"" v 
therapeutically active substance micro and/or nahopartM^ 

25 differentiation and/or angiogenic factors. 1 \/ ; y« \V • /. ;'. ; ; 

23 A method for obtaining a bio-membrane as claimed in one. of th4 : 'cjlairns 1 : tKrpugh* : l:3v ;< 
essentially comprising the following steps: ;. l/\ ;.. >• s ;. V V* 1 , -V 

a) obtaining a platelet gel from mixing a platelet concentrate and/ a tryppreci-pitate obtained 
from peripheral blood, in appropriate conditions;; ■;' .•:»"' >: • 

30 b) obtaining and growing on said gel, or within, said; ge'lv,.ipeseHchynHal stem' cells' pnd/or;; 
mesenchymal precursor cells. 
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24. The method for obtaining a bio-membr^nevas' ; claimed : jn^dikim 213 ■wfeerenv^ ; -! 
mesenchymal stem cells and/or* mesenchymal precursor ceils arfe aiiifollogbiis, or allogenic . ; : 
with respect to the subject to be implanted;- ' - '*'• -* • - ; ■ • ' ■■• >- ! *• 
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Fig. 4'. 
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Figj5 
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